Pacemaker followup methods are described in which impulses by means of a stopwatch. Impulses may be desimple equipment may be used to time the pacemaker tected by transistor radio or modifications thereof. Since intervals with accuracy, either at the patient's side or most pacemakers are programmed for rate decrease with over the telephone. The keystone of the system is the battery exhaustion, these methods are useful for recogdetermination of the elapsed time for 100 pacemaker nition of impending failnre.
urveillance of patients with longterm ( "permasuccessfully used followup methods requiring only nent") cardiac pacemakers is probably most simple equipment. These methods have been effectively performed by means of sophisticated checked for accuracy against more sophisticated inelectronic equipment, which permits analysis of the struments. A sizeable proportion of patients with pacemaker stimulus and its time relationships. At the fixed rate (asynchronous) pacemakers or those with least, this requires an accurately calibrated oscillodemand pacemakers whose hearts are completely scope and electronic counter. A less effective but still captured, will have regular rhythm over long pe-
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valuable method of followup depends on pacemaker rate alone. The importance of rate change has been enhanced in recent years by the deliberate programming of rate decrease (or in some models, increase) as. an index of battery depletion in many pacemakers.
Even the most sophisticated surveillance will not prevent a small number of unexpected pacemaker failures caused by catheter displacement or electronic component fault. However, in my experience as well as that of other clinicians1,* the great majority of pacemaker replacements are necessitated by battery exhaustion, and this is usually heralded by rate change. The only exceptions to this rule are some demand pacemakers manufactured by Medtronic Inc. before April 1972, which often do not change rate until battery cells are almost completely depleted.
It is true that any system based exclusively on pacemaker firing intervals, whether determined in the presence of the patient or over the telephone, fails to indicate whether the heart is indeed following the pacemaker. This has led to the development of remote methods, which include an additional parameter such as the electrocardiogram or finger plethysmogram. These methods, however, are complex and expensive.
Bearing in mind the above limitations, I have nods. The attending physician soon learns which of his patients falls into this category. It is relatively simple for these patients or their relatives or companions to check their radial pulses once a day, keep a record, and report to the physician when a change in rate of more than two beats per minute occurs. More detailed studies may then be performed. In my experience, pacemaker failure has often first been noted in this way. However, this method of timing is relatively crude.
A further refinement consists of the use of a stopwatch far timing purposes and a transistor radio to determine when the pacemaker fires. The stopwatch should be graduated in tenths of a second. Advantage may be taken of the regularity of current pacemakers, by noting the elapsed time for a given number of (ie, 100) beats. This figure, when multiplied by ten, yields the mean pacemaker interval in milliseconds to three significant figures. This, of course, is much more accurate than taking the pulse in the usual way; that is by noting the numbe.r of beats per minute.
The stopwatch may be used in this way to time the heart with a stethoscope, the radial pulse, or the pacemaker artefact during the recording of an electrocardiogram, but is particularly well adapted for use with a transistor radio. It is well known that most pacemakers, when firing, emit a radio frequency ( RF ) signalS which may be picked up as a click by ordinary transistor radio.' This phenomenon is produced by the pulse generator, creating an electromagnetic field, which changes at a rate or frequency within the band of a conventional radio (540 to 1,600 kiloHertz). The frequency is determined CHEST, 66: 5, NOVEMBER, 1974
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chiefly by the rise time of the pacemaker impulse, which should be of the order of one microsecond ( 1,000 kHz) or less to be audible on the radio.
I n dtro studies indicate that radio frequency emissions may be detected over the entire length of a pacemaker catheter as well as over the generator. In the body, however, the click is loudest or may be heard only over the generator, because it is nearest the surface. Unipolar pacemakers usually, but not always, emit a more intense signal. Metallic encapsulation of the generator may attenuate the sound, which then may be more clearly audible along the course of the lead. It has been my experience that the intensity of the radio signal does not change appreciably over the life of the pacemaker, although this would admittedly be difficult to quantitate.
Some transistor radios perfonn better than others in this regard.
The sensitivity of radios varies and is roughly proportional to the price. The radio is tuned to the lowest portion of the AM scale (usually 540 HZ), the volume turned up to maximum, and the radio, held closely over the implanted generator. The direction of the radio antenna relative to the pacemaker generator may be critical so the radio is slowly turned in circular fashion until the signal is loudest. Timing by the stopwatch may then be performed as indicated above. With some experience, great accuracy may be achieved by a physician or a technician. A survey of major pacemaker manufacturers over the world indicates that the great majori- ty of these units may be monitored in this way ( This method lends itself to transmission over the telephone. The radio is placed over the generator, the mouthpiece is held over the radio, and the signal may be monitored at the receiving end with a stop watch. Figure 1 indicates the results of such a study in a patient over a seven-month period in which the pacemaker intervals so obtained are compared to those determined by the electronic counter by direct vectorcardiographic leads. The transistor radiostopwatch method overestimated the interval, in most instances, by about one millisecond. During The situation is more complicated with a demand pacemaker which is not firing regularly. The pacemaker may be converted to a fixed-rate mode with a magnet. However, the magnet will inactivate the speaker of the radio when the two are in close proximity. It may still be possible to pick up the signal by trying different positions of the radio adjacent to the generator. If this is unsuccessful, several other options are available:
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1. A special relatively inexpensive, radio-frequency pickup may be used in which the magnet and radio are housed together in such a way that the radio remains in operation. This device may be used at the scene or transmitted over the telephone. At least three manufacturers have such devices available as part of a system that utilizes an electronic counter. The pickup, however, may be used without the counter in the method outlined here.
The Biotronik Pacer Test pickup will function with any pacemaker which emits a radio frequency signal, but the General Electric and Starr-Edwards pickups are tuned to a special frequency, which will function only with their own models. On the other hand, all General Electric and Starr-Edwards pacemakers can be monitored by an ortransistor radio.
2. At least one commonly used direct writing electrocardiograph ( Hewlett Packard models 1500B and 1511B), when connected to the patient, emits a clearly distinguishable noise signal in one or more leads, whenever the pacemaker fires. This signal is caused by rapid movement of the stylus, is independent of the patient's electrocardiogram, and may be timed by ear with a stopwatch without running the electrocardiograph paper. Timing is thus independent of the paper speed, which may not be accurate, and will not be influenced by the response or lack of response of the heart to the pacemaker impulse.
The Starr-Edwards and Telectronics model PI0 demand pacemakers have an additional feature, which might lead to confusion when tested by transistor radio. They emit low intensity (subthreshold) "tracking" pulses each time a spontaneous QRS occurs. This signal is Merent from the pacing impulse, but the two would be indistinguishable by radio, and the determination as to w h e t . the patient is being paced or is in sinus rhythm will depend on the rate. Either pacemaker can be switched to an asynchronous mode by application of a magnet and pacemaker intervals then determined by the methods outlined here. The bifocal demand pacemaker manufactured by the American Optical Company is capable of functioning in three modes: ( 1 ) stimulation is totally absent; (2) packg impulses are delivered only to the atria; and (3) impulses are delivered to the atria and ventricles in sequential fashion Radio monitoring will produce no sound in the first instance, a single click in the second, and a double click in the third mode. Application of a magnet transforms the ventricular pad of the pacemaker from a demand to a continuous mode, without influencing the atrial demand function The result would be a double click. 
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